Abstract. Epithelial-mesenchymal transition (EMT) is a pivotal event in the progression of cancer towards metastasis. Given that pigment epithelium-derived factor (PEDF) inhibits angiogenesis, the present study analyzed whether PEDF expression is associated with EMT and prognosis in invasive ductal breast cancer (IDC). Immunohistochemical analysis was used to examine the expression levels of PEDF, E-cadherin, vimentin, Snail and nuclear factor-κB (NF-κB) in 119 cases of IDC. Correlations between PEDF expression and EMT-related genes, and clinicopathological features and clinical prognosis were analyzed. E-cadherin, vimentin, Snail and NF-κB expression was correlated with tumor size, lymph node metastasis and clinicopathological stage. PEDF expression was closely associated with tumor size. Spearman's rank correlation analysis revealed a positive correlation between PEDF and E-cadherin, vimentin, Snail and NF-κB expression (P<0.05). Additionally, Kaplan-Meier survival analysis demonstrated that the five-year survival rate was higher for patients with PEDF-and E-cadherin-positive tumors, but was lower for those with vimentin-, Snail-and NF-κB-positive tumors. Vimentin, E-cadherin and NF-κB levels were dependent prognostic factors of favorable outcomes in IDC, as determined by Cox multivariate analysis. PEDF expression in breast cancer was significantly associated with EMT-related genes, suggesting that it may be an EMT suppressor. However, its potential as a prognostic indicator in breast cancer warrants further investigation.
Introduction
As the most commonly diagnosed cancer and the main cause of cancer-related mortality among women, breast cancer accounts for 23% of all cancer cases and 14% of the cancer-related fatalities (1) . Breast cancer is also one of the most common malignant tumors in Chinese women, with >100 new cases per 100,000 women aged 55-69 years estimated to occur by 2021 (2) . Advances in the treatment of this disease using a multi-disciplinary approach with improved combinations of surgery, radiotherapy, chemotherapy and endocrine therapy have resulted in marked improvements in patient outcomes. However, more than half a million women will continue to succumb to breast cancer annually despite these advances (3) .
Epithelial-mesenchymal transition (EMT) is an essential process during cancer progression to tumor metastasis (4, 5) . Mesenchymal cell marker expression, such as that of vimentin, Snail (6,7) and E-cadherin (8) , is considered a hallmark for EMT. EMT can also be induced in mammary epithelial cells by expression of various factors, such as the Twist or Snail families (9, 10) . In addition, the upregulation of nuclear factor-κB (NF-κB) is found in human breast tumor cell lines, carcinogen-transformed mammary epithelial cells, and the majority of primary human and rodent breast tumor tissue samples (11) . NF-κB has also been shown to be a central mediator of EMT in a breast cancer progression mouse model (12, 13) . Although activation of these processes in breast cancer cells has greatly increased their invasive and metastatic potential, the exact role of EMT in tumor metastasis remains unknown (14) .
Pigment epithelium-derived factor (PEDF) is a potential independent prognostic marker for breast cancer, and reduction in its expression levels is associated with the progression of disease and a poor patient outcome (15, 16) . In addition to its anti-angiogenic functions, PEDF also inhibits tumor cell Expression of pigment epithelium-derived factor is associated with a good prognosis and is correlated with epithelial-mesenchymal transition-related genes in infiltrating ductal breast carcinoma migration by promoting cell adhesion, inducing apoptosis and regulating tumor cell differentiation (17) . Specifically, PEDF induces endothelial cell apoptosis via NF-κB activation and its downstream target Fas ligand (18, 19) , Furthermore, PEDF expression is significantly reduced in a wide range of tumor types, and its recovered expression in these tumors delays the onset of primary tumors and decreases metastasis (20) . In the brain, PEDF acts as a metastatic suppressor and a neuroprotectant, highlighting its role in limiting brain metastasis and local consequences in primary breast tumors (21) . Thus, PEDF may play a critical role in breast cancer development and progression. However, the exact molecular mechanisms by which PEDF elicits its antitumor effects remain unknown (22) . The effects of PEDF on tumor suppression and endothelial cell apoptosis combined with its inhibition of tumor cell migration suggest that it may have therapeutic value in the context of EMT. The present study systemically investigated the association between PEDF levels and EMT-related proteins in 119 cases of primary invasive ductal breast cancer (IDC), and analyzed their correlation with clinicopathological factors and patient survival to determine the association between PEDF expression and EMT in breast cancer. Immunohistochemical evaluation. The expression levels of PEDF, E-cadherin, vimentin, Snail and NF-κB were independently reviewed and scored by two pathologists who were blinded to the clinical parameters. The expression of Snail and NF-κB was observed in the cytoplasm, nucleus or both; however, only nuclear expression was considered immunopositive for Snail. Expression of PEDF, E-cadherin and vimentin in the cytoplasm and/or plasma membrane were each considered positive. Statistical analysis. SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA) was used for all statistical analyses. The χ 2 test was used to analyze the correlation between PEDF, E-cadherin, vimentin, Snail and NF-κB expression, and the clinicopathological features of the IDC patients. Spearman's correlation coefficient analysis was used to evaluate the correlations between the variables. The Kaplan-Meier method and log-rank tests were used to evaluate the correlation between marker expression and overall survival (OS). The Cox proportional hazards model was used for the multivariate analysis to identify independent prognostic factors. P<0.05 was considered to indicate a statistically significant difference. Table I . Correlation between PEDF, E-cadherin, vimentin, Snail and NF-κB expression, and clinicopathological features. Includes chemotherapy and endocrine therapy or chemotherapy, endocrine therapy and radiation therapy. PEDF, pigment epithelium-derived factor; ER, estrogen receptor; PR, progesterone receptor; NF-κB, nuclear factor κB.
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Results
PEDF, E-cadherin, vimentin, Snail and NF-κB expression in
IDC samples. The expression of PEDF, E-cadherin, vimentin, Snail and NF-κB was analyzed in 119 IDC tissues by immunohistochemistry (Fig. 1) . As shown in Fig. 1A , PEDF was detected in the cytoplasm of the epithelial cells, and high levels of staining were observed in 44.5% of the breast carcinoma tissues analyzed, which were classified as PEDF-positive. Although E-cadherin was present in the cell membranes of normal breast tissues, it was absent in the tumor tissues (Fig. 1G) . Approximately 49.6% (59/119) of the tumor sections exhibited an absence or reduction in E-cadherin expression (Table I) . Reduced E-cadherin expression was observed in 20.9% (9/43) of the late-stage (III/IV) and 49.1% (52/106) of the high-grade tumors, which was significantly more than that observed for the early-stage (I/II; 67.1%) and low-grade (61.5%) tumors (both P=0.001) (Table I) . Conversely, vimentin and Snail were absent in the normal breast tissues ( Fig. 1C and E) .
However, vimentin was highly expressed in the tumor tissues, and Snail was detected in 52.1% of the tumor tissues analyzed ( Fig. 1H and J; Table I ). Finally, NF-κB was detected in the cytoplasm of IDC cells in 57.1% of the tumors analyzed (Fig. 1I) .
Correlation between PEDF, E-cadherin, vimentin, Snail and NF-κB expression, and clinicopathological features.
The correlation analysis between the expression levels of PEDF, E-cadherin, vimentin, Snail, NF-κB and clinicopathological features is summarized in Table I . PEDF protein was detected in 40.7% of lymph node-negative tumors and 46.2% of lymph node-positive tumors (Table I ). The cytoplasmic expression of PEDF was significantly correlated with the tumor size (P=0.039). Furthermore, a low level of E-cadherin expression was correlated with a large tumor size (P=0.004), positive lymph node metastasis status (P=0.013), early pathological stage (P<0.001) and positive progesterone receptor (PR) status (P=0.014; Table I ). High vimentin expression was strongly associated with high pathological stage and large tumor size (P<0.001 and P=0.009, respectively); it was also correlated with positive lymph node status and negative PR status (P<0.001 and P=0.008, respectively) ( Table I ). High nuclear Snail staining was significantly associated with a large tumor size (P<0.001), positive lymph node metastasis status (P<0.001) and late pathological stage (P=0.001). For example, 83.7% of patients with late-stage tumors (III-IV) expressed high levels of nuclear Snail, compared with 26.3% of patients with early-stage (I-II) tumors. Positive nuclear expression of NF-κB was also associated with all adverse clinicopathological variables, namely tumor size, high tumor grade, late tumor stage and lymph node positivity (all P≤0.001) ( Table I) . No significant association existed between PEDF, E-cadherin, vimentin, Snail, NF-κB expression and gender, age, menopausal status, adjuvant treatment and estrogen receptor (ER) status.
Association between PEDF, E-cadherin, vimentin, Snail
and NF-κB expression in IDC samples. Next, the correlation between low level PEDF expression levels and EMT-related Table II . Association between PEDF, E-cadherin, vimentin, Snail and NF-κB expression in invasive breast carcinoma samples. PEDF, pigment epithelium-derived factor; NF-κB, nuclear factor κB.
proteins was analyzed in the breast carcinoma tissues. In accordance with the protein changes found during EMT, high expression levels of vimentin, Snail and NF-κB were associated with the weak expression of membranous E-cadherin (P<0.001; Table II ). In addition, a high level of vimentin expression was significantly correlated with low level nuclear Snail expression (P<0.001, r=0.428); a high level of Snail expression was also significantly correlated with the low level expression of NF-κB (P=0.002, r=0.291). These data indicated the presence of EMT in the IDC tissues. Furthermore, a high level of PEDF expression PEDF, pigment epithelium-derived factor; NPI, Nottingham prognostic index; NF-κB, nuclear factor κB.
was strongly associated with a low level of E-cadherin expression (P<0.001, r=0.496) and a high level of vimentin (P<0.001, r=-0.337), Snail (P<0.001, r=0.34) and NF-κB (P<0.001, r=0.383) expression. These data suggest that PEDF may be involved in the regulation of EMT.
Association between PEDF, E-cadherin, vimentin, Snail and
NF-κB expression, and patient survival. Next, the Nottingham prognostic index (NPI) was used as an indicator of patient prognosis, as previously described (28) . As shown in Table III , the overexpression of E-cadherin, vimentin, Snail and NF-κB was significantly associated with NPI status, as determined by the Kruskal-Wallis test (all P<0.001); however, PEDF expression was not associated with NPI. Specifically, high NF-κB expression was more frequently observed in patients with a high NPI (≥5.4; 37.7%) compared with those with a low NPI (<5.4; 24.4%). The patients were then divided into two groups on the basis of their prognosis. Patients were considered to have a good prognosis (n=49) if they remained disease-free at the 5-year follow-up; those with a poor prognosis (n=70) included patients who developed recurrence, metastasis to a distant site, or those who had succumbed as a result of the breast cancer. As Table III , patients with poor prognoses had low levels of PEDF and E-cadherin expression (P=0.014 and P<0.001, respectively) and high levels of vimentin, Snail and NF-κB expression (P≤0.005).
Univariate and multivariate Cox regression analysis of PEDF, E-cadherin, vimentin, Snail and NF-κB expression, and clinicopathological variables.
Univariate analyses of OS using Cox regression analysis identified PEDF, vimentin, E-cadherin, Snail and NF-κB expression (P=0.006, P<0.001, P<0.001, P=0.001 and P<0.001, respectively), lymph node metastasis (P=0.015), tumor size (P=0.012), pathological stage (P= 0.012) and PR status (P= 0.003) as significant prognostic predicators (Table IV) . To determine whether PEDF-positive expression was an independent predictor of patient survival, a multivariate analysis was performed using Cox proportional regression models, together with vimentin, E-cadherin, Snail and NF-κB expression, as well as basic patient and tumor characteristics, such as age, tumor clinical stage, lymph node metastasis, tumor size and ER/PR status. Cox multivariate analysis showed that the expression of vimentin and E-cadherin were independent prognostic factors associated with OS (P=0.016 and P=0.004, respectively) and disease-free survival (DFS; P=0.012 and P=0.005, respectively). Although PEDF expression was not correlated with OS (P=0.51), a significant correlation with DFS was noted (P=0.034). With the exception of tumor size (P=0.009), no clinicopathological factors were independently predictive of patient survival (Table V) .
Kaplan-Meier survival analysis. Kaplan-Meier survival curves are shown in Figs. 2 and 3 . Among the 119 patients with IDC analyzed, the patients with PEDF-and E-cadherin-positive tumors exhibited higher OS rates compared with those with PEDF-and E-cadherin-negative tumors (P=0.004 and P<0.001, respectively; Fig. 2A and B) . Patients with PEDF-and E-cadherin-positive tumors also exhibited significantly higher DFS rates (P=0.004 and P<0.001, respectively; Fig. 3A and B) . By contrast, the patients with vimentin-, Snail-and NF-κB-positive tumors exhibited lower OS rates compared with the patients with vimentin-, Snail-and NF-κB-negative tumors (all P≤0.001; Fig. 2C-E) . Patients with vimentin-, Snail-and NF-κB-positive tumors also exhibited significantly lower DFS rates (all P≤0.001; Fig. 3C-E) .
Discussion
PEDF is a 50-kDa protein found in the extracellular matrix (ECM). It belongs to the serpin (serine protease inhibitor) family, and contains heparin and collagen binding sites (29) (30) (31) . PEDF is a potent neurotrophic and angiogenesis-inhibiting factor with tumor suppressor properties (32) . In vitro studies have demonstrated that the silencing of PEDF may be a novel mechanism for the development of endocrine resistance in breast cancer and that its expression may be a predictive marker of endocrine sensitivity (33) . In addition, previous studies have shown that the expression of PEDF is significantly decreased in a number of tumor types, including pancreatic adenocarcinoma (34), glioblastoma (35) and ovarian carcinoma (36) . Vascular endothelial growth factor receptor-1 (VEGFR-1) regulates EMT for the promotion of breast cancer progression and metastasis (37) . In various types of tumor cells, PEDF has been shown to decrease VEGF levels (38) (39) (40) ; suppression of VEGF signaling by PEDF may be a novel therapeutic target. In addition, Cai et al (41) also identified two novel pathways through which VEGF-induced angiogenesis is inhibited by PEDF: Regulated intramembrane proteolysis and phosphorylation inhibition. Therefore, we hypothesized that PEDF may represent a potential biomarker of EMT in breast cancer and analyzed its expression using immunohistochemistry analysis. In the present study, high PEDF expression was strongly associated with low E-cadherin expression, as well as with high vimentin, Snail and NF-κB expression. These data suggest that PEDF may be involved in the regulation of EMT. This is the first study to show that PEDF may serve as a novel EMT suppressor and to reveal its potential as a prognostic indicator in breast cancer.
EMT exhibits certain characteristic phenotypic changes that are a result of complex genetic changes, which to a certain degree are mediated by specific transcription factors that are able to modulate E-cadherin expression and the expression of numerous other EMT-associated genes in vitro. Vimentin is a widely recognized EMT-like phenotype marker, and its expression has been shown in a number of aggressive breast cancer cell lines (42) . In the present study, low E-cadherin expression was associated with increased tumor size (P=0.004), lymph node metastasis status (P=0.013) and the pathological stage (P<0.001). In addition, high vimentin expression was strongly associated with high-grade and late-stage tumors (P<0.001), which is consistent with the results reported by Lee et al (43) . Notably, vimentin overexpression and reduced E-cadherin expression were significantly correlated with reduced survival and were independent predictors in multivariate analysis. Moreover, multivariate analysis showed that the expression of vimentin and E-cadherin were independent prognostic factors correlated with shorter OS and DFS times.
Several studies have demonstrated the expression of Snail at the tumor-stroma interface and in invasive breast cancers (44) . As expected, high nuclear Snail staining was significantly associated with large tumor size (P<0.001), status of lymph node metastasis (P<0.001) and pathological stage (P=0.001) in the present study. Moreover, it was observed that positive nuclear NF-κB expression was associated with all adverse clinicopathological variables analyzed, including large tumor size, high tumor grade, late tumor stage and lymph node positivity, confirming its significance in the development and progression of cancer. Furthermore, low E-cadherin expression, and high vimentin, Snail and NF-κB expression levels were associated with shorter OS and DFS times, which is consistent with studies of other cancers (45, 46) . Taken together, these results suggest that the expression of certain transcription factors, including NF-κB and Snail, is associated with a poor prognosis in a range of different human cancer types (47) .
Previous studies have reported that low PEDF expression is associated with angiogenesis in breast cancer (16) . The present study also demonstrated that PEDF was a statistically significant prognostic factor in multivariate Cox regression analysis. Additionally, although the association between EMT and metastasis in patients has been indicated, the present study is the first to suggest a possible mechanism by which PEDF may be capable of reversing tumor growth and metastasis in breast cancer. To the best of our knowledge, studies have rarely been focused on the PEDF and EMT-related genes; Hirsch et al (48) concluded that PEDF upregulates PPARγ by binding to PEDF receptor, resulting in the suppression of NF-κB-mediated transcriptional activation in prostate cancer cells. Therefore, further studies are required to elucidate the mechanisms by which PEDF regulates EMT in breast cancer. Therapies targeting PEDF may provide a novel therapeutic approach for untreatable patients.
In summary, to the best of our knowledge, the present study is the first to demonstrate a link between the expression of PEDF in breast cancer and EMT-related genes. These findings suggest that PEDF may be capable of reversing tumor growth and metastasis in breast cancer; however, further studies are necessary to elucidate the association of PEDF expression and EMT in vitro and in vitro.
